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ABSTRACT 
PHASE SPECIATION OF CARBOHYDRATES AND DIOXINS IN RIVERS AND 
COASTAL WATERS IN THE NORTHERN GULF OF MEXICO 
by Kusumica Mitra 
August 2012 
Dissolved carbohydrates (d-CHO), including monosaccharide (MCHO) and 
polysaccharides (PCHO), and particulate carbohydrates (p-CHO) are major components 
of natural organic matter and play an important role in biogeochemical cycles of carbon 
and other trace elements in marine environments. This study aimed to examine the 
abundance and partitioning of CHO between dissolved and particulate phases and their 
seasonal variations in the Mississippi Sound/Bight and Lake Pontchartrain. Laboratory 
mixing experiments were also carried out to examine the behaviour of CHO species 
along a salinity gradient. The phase partitioning of dioxin among three different phases, 
i.e., colloidal organic matter, particulate organic matter and sediments, was also 
determined for Mississippi River and Pearl samples. MCHO was the dominant species in 
the dissolved CHO, with high concentrations during high riverine discharge in March and 
May 2011, showing the influence of the Pearl River and flooding event from the 
Mississippi River through Bonnet Carr spillway. There was a strong seasonality in the 
distribution and partitioning of CHO. Terrestrial inputs seemed to play a significant role 
in the seasonal variation of dissolved and particulate CHO in the Mississippi 
Sound/Bight. The concentration of p-CHO and acidic polysaccharides (APS) increased 
with increasing salinity with a mid-salinity maximum and then decreased towards 
offshore. There was a positive correlation between p-CHO and chlorophyll-a (Chi-a) 
11 
indicating phytoplankton as a source of p-CHO. The dioxin concentration increased from 
COM to POM to sediments, with much higher dioxin concentrations in the Mississippi 
River than the Pearl River, suggesting less anthropogenic impacts in the Pearl River 
Basin. 
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CHAPTER I 
INTRODUCTION 
Carbohydrates 
The dissolved organic carbon is the largest organic carbon reservoir and it is 
composed of carbohydrates (CHO), proteins, lipids and others. The major focus of this 
study is CHO. The general formula is (CH20) and it is present in both dissolved and 
particulate phases. The dissolved CHO (d-CHO) is a major component of dissolved 
organic matter including monosaccharide (MCHO) and polysaccharide (PCHO). The 
particulate CHO (p-CHO) is a part of particulate organic carbon (POC). This study will 
focus on the distribution, partitioning and seasonal variation of CHO in the Mississippi 
Sound/Bight; Lake Pontchartrain and also two laboratory mixing experiments. 
Background 
K.hodse et al. (2010) found that with increasing salinity, MCHO decreases and 
PCHO increases in the Mandovi estuary in India. The concentration ofTCHO during the 
monsoon season was greater than the pre-monsoon season. This increase in concentration 
was due to the transport of CHO-rich DOM from Mandovi estuary to the coastal water. 
The concentration range was from 17.7 to 67.3 µM-C for TCHO and MCHO was in the 
range of 4.1 to 15.5 µM-C. In 2007, K.hodse et al. found that there was spatial and 
temporal variation of p-CHO and PURA (particulate uronic acid) in the northern Indian 
Ocean. This variation was related to the variation in phytoplankton, nutrients and amount 
of terrestrial input. The concentration range of p-CHO was from 0.57 to 3.58 uM-C, 
comprising 2.6 to 34.6% of POC. The total PURA was in the range 0.01 to 0.31 uM-C 
and represents 0.2 to 6.3% of POC and 4.7 to 22.7 % of total p-CHO. 
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Hung et al. (2005) did a seasonal survey on carbohydrate and uronic acid (URA) 
in the Trinity River, Texas during 2000- 2001. They showed that production and removal 
of organic matter in river water can be influenced by biological and photochemical 
reactions. CHO are more readily degraded by bacteria or photochemical reaction than 
uronic acid. This was shown by negative correlation of TCHO/DOC with temperature 
and positive correlation ofURA/TCHO with temperature. On the other hand, they found 
significant correlation of Cu, Pb and Cd with TCHO and URA indicating they have 
similar source and removal. 
In the northern East China Sea, seasonal changes of p-CHO and PURA were 
observed (Hung et al. 2009). There was a strong positive correlation between p-CHO and 
PURA with chi-a and nutrients in June but the correlation was negative in November. 
Seasonal changes of p-CHO, PURA were observed in June and November. There was a 
negative correlation with nutrients in June which indicates that low nutrients and higher 
biomass may enhance the production of p-CHO but the correlation was not true in 
November. Thus, principal mechanisms for the production of p-CHO and PURA were 
not clear. Future research is needed to understand the chemical composition and fate of 
URA. The concentration range ofp-CHO was 0.42 to 6.61 uM-C (6.6 to 13.4% of POC) 
and concentration range of PURA was from 0.02 to 0.48 uM-C. 
Tepic et al. (2009) did a multivariate statistical analysis on the distribution of 
CHO and surface active substances (SAS) in the northern Adriatic Sea to determine their 
temporal and spatial variation and correlation with mucilage event. Some phytoplankton 
releases CHO when they are alive or after their death in the water column and this release 
forms floes and organic aggregates which they called a mucilage event. The spatial and 
temporal variation of CHO was dependent on new production due to input ofriverine 
nutrients when compared to SAS. Moreover, CH Os were a major contributor of all 
surfactant activity in the surface water (Tepic et al., 2009). 
3 
Yang et al. (2010) showed the distribution and seasonal variation of dissolved 
CHO in the Jiaozhou Bay, China. The concentration range ofTCHO was from 10.8 to 
276.1 µMC and TCHO/DOC ranged from 1.1 to 67.9% with an average of 10.1 % which 
implies an important constituent of DOC in the surface seawater of the Jiaozhou Bay is 
dissolved CHO. MCHO concentration varied from 2.9 to 65.9 µMC, (46.1 ±16.6% of 
TCHO on average), and PCHO varied from 0.3 to 210.2 µMC, (53.9 ± 16.6% ofTCHO 
on average). PCHO was higher than MCHO in Jiaozhou Bay. It was shown that the 
concentration of dissolved CHO was contingent on river input, shelfish culture, and tidal 
current. The ratio ofTCHO/DOC was high in January compared to July and October 
which indicates that with high temperature CHOs are more easily degraded by bacteria 
and micro organisms. The distribution and seasonal variation of CHO was influenced by 
phytoplankton biomass and river input. 
Wang et al. (2010) first measured the dissolved CHO in the Bay of St. Louis. The 
ratio of TCHO/ DOC changed from 0.31 to 0.10 from rivers to coastal waters with an 
increase in salinity. This indicated that there was removal of CHO during estuarine 
mixing. One of the assumptions they used to estimate the DOC and TCHO removal was 
that the concentrations of DOC and TCHO do not change seasonally. The carbohydrate 
and DOC concentration in the Bay of St Louis was comparatively higher than other 
estuaries. Witter et al. (2002) found the highest TCHO concentration (67.2 uM-C) in the 
Delaware estuary. DOC was higher in river water (1478 uM-C) than the coastal water (80 
4 
uM-C) and TCHO changed from 9 to 464 uM-C in the St. Louis Bay. Both the field and 
laboratory mixing experiment suggested removal of dissolved carbohydrates in the Bay 
St. Louis. However, particulate carbohydrates and APS have not been measured in the 
Bay of St. Louis. The seasonal variations in the abundance, distribution and partitioning 
of carbohydrate species and their controlling factors in aquatic environments remain 
poorly understood, especially in the northern Gulf of Mexico, such as the Bay of St. 
Louis, Jourdan River, the Mississippi River, Lake Pontchartrain, and the Mississippi 
Sound/Bight during and after the 2010 oil spill. New studies are needed to investigate the 
seasonality and whether the removal of dissolved CHO is compensated by the production 
of particulate carbohydrates in the estuarine environment. 
Significance of the Study 
There are few or no particulate carbohydrate and APS data available for the study 
area including Bay St. Louis, Lake Pontchartrain, and the Mississippi Sound/Bight. Only 
dissolved carbohydrate, DOC, nutrients, heavy metals and other water quality parameters 
have been reported for these environments (Wang et al., 2010; Christmas, 1973; 
Eleuterius, 1976; Elston et al., 2005; Liu et al., 2008; Cai et al., 2012; Shim Dissertation). 
The particulate carbohydrate and APS concentrations from this study will be the first 
dataset. There are very few reports on the carbohydrate data (mainly dissolved CHO) so 
further research is needed to understand the seasonality, partitioning, and distribution of 
carbohydrates. To the best of my knowledge, very little work has been done on APS 
distribution in natural waters. Thus this study will contribute significantly to the current 
knowledge of APS in aquatic environments, especially in the northern Gulf of Mexico. 
The dioxin data will also give an insight on the phase partitioning of dioxin in three 
different phases: COM, POM and sediments. 
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CHAPTER II 
ABUNDANCE, DISTRIBUTION AND PHASE PARTITIONING OF 
CARBO HYDRA TES IN THE MISSISSIPPI SOUND/BIGHT 
Introduction 
6 
Dissolved organic carbon (DOC) is one of the biggest organic carbon reservoirs 
in natural waters (Hedges, 1992) and plays an important role in the interplay between 
biosphere, hydrosphere and atmosphere. The bulk DOC pool is mainly composed of 
carbohydrates (CHO), proteins, lipids and others (Chester, 2003). Dissolved carbohydrate 
(d-CHO) comprises a significant portion (10- 85%) of DOC in seawater (Romankevich 
1984; Thurman 1985; Pakulski and Benner, 1994; Hung et al., 2001 , 2005). On the other 
hand, particulate organic matter (POM) is produced from phytoplankton during primary 
production, and POM is also a large source of organic carbon in the ocean. The majority 
of this organic carbon is incorporated in the food web. The POM is then recycled in the 
surface water and a small portion of the POM is transported to the deeper water. The 
production, degradation and transport of POM are important processes in the 
biogeochemical cycling of C in the ocean. A significant portion of POM is carbohydrate 
(CHO) and can be considered as particulate carbohydrates (p-CHO) (Khodse et al., 
2007). Dissolved carbohydrates, including monosaccharides (MCHO) and 
polysaccharides (PCHO), and p-CHO are mainly produced by phytoplankton and bacteria 
(Biddanda and Benner, 1997), organic matter decomposition (Hellebust, 1965), river run-
off (Gueguen et al., 2006), and sediment resuspension (Arnosti and Holmer, 1999). 
Carbohydrates serve as structural components and energy storage in living cells. CHO 
may serve as an indicator of the bioreactivity and diagenetic state of both DOM and 
7 
POM. Carbohydrates may also take part in many environmental processes such as heavy 
metal removal, flocculation of dissolved organic material, mucilaginous micro aggregate 
production and sorption of microorganisms to soils and sediments. Moreover, 
carbohydrate can be a useful tool in determining the source and degradation pathways of 
organic matter and also can be used as an indicator of bioreactivity and diagenetic state of 
natural dissolved organic matter (Skoog and Benner, 1997; Amon and Benner, 2003). 
This study is aimed at providing more insight into the concentration and partitioning of 
CHO species and their seasonal variations in the distribution of dissolved and particulate 
carbohydrates in the Mississippi Sound/Bight, Lake Pontchartrain, and two mixing 
experiments (using the Mississippi River and Gulf of Mexico and the Jourdan River and 
Gulf of Mexico as end members), Mississippi River and Pearl River. Information from 
this study will increase knowledge on how dissolved and particulate carbohydrates 
(which is an important portion of DOC and POM respectively) behave in different 
aquatic environments. 
The first hypothesis of this study is the particulate carbohydrate (p-CHO) and 
acidic polysaccharide (APS) concentrations should increase with increasing salinity with 
a mid-salinity maximum and then decrease with increase salinity towards offshore in the 
Mississippi sound/Bight. 
Both p-CHO and APS are mostly produced from phytoplankton. We expect 
higher freshly produced organic matter at coastal and offshore stations and a positive 
correlation between the concentration of p-CHO (and APS) and the biomass or primary 
production in the water column. 
The second hypothesis is the monosaccharide (MCHO) should be mostly derived 
from rivers and the discharge and flooding from the Mississippi and Pearl Rivers, in 
addition to the Jourdan and Wolf Rivers, should regulate the abundance and distribution 
of MCHO in the Mississippi Sound/Bight resulting in significant monthly/seasonal 
variations in the partitioning of CHO between the dissolved and particulate phases and 
variations in the abundance/distribution of APS. 
Nutrients, chlorophyll-a, light, temperature, and primary production are the main 
factors for the production of p-CHO. So the partitioning of carbohydrates between 
dissolved and particulate phase should change with these factors between different 
month/season. Also, there was influence of oil in 2010 and flooding from the Mississippi 
River in 2011, which should also affect the abundance and partitioning of carbohydrates 
and APS in the Mississippi Sound/Bight. During a flooding event, when the river 
dominates, MCHO should be high at the same location or the whole Mississippi 
Sound/Mississippi Bight area. Too much river water will depress primary production in 
the beginning due to turbidity and low salinity, but high nutrients will promote primary 
production in a later time. Thus all these factors will affect the biomass, and as a result 
the distribution and partitioning of carbohydrate will be influenced. 
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The primary objective was to analyze CHO species in fifteen monthly samples 
from the Mississippi Sound/Bight collected during the NGI cruises between May 2010 
and August 2011 and to examine the partitioning and distribution of dissolved and 
particulate carbohydrate and APS along a salinity gradient and their seasonal variations in 
the Mississippi Sound/Bight and to determine major factors controlling the dynamic of 
carbohydrates in the study area. 
Study Area 
The Mississippi Sound is a shallow water body with barrier islands separating it 
from the Gulf of Mexico. Dauphin Island and Heron Bay are on the eastern side of the 
Sound whereas the western side is enclosed by Lake Borgne and the Rigolets. It can be 
influenced by the Pearl River, St. Louis Bay, Mississippi River, and Gulf of Mexico and 
9 
it is mostly well mixed due to tide and wind (Eleuterius, 1978). The depth range of the 
Mississippi Sound is from > 1 m to 17.5 m. The St. Louis Bay (BSL), known as the 
largest estuary in Mississippi is located in the northern Gulf of Mexico. The Jourdan 
River and the Wolf River are the two main fresh water inputs into this estuary and the 
saline water comes from the Mississippi Sound. Estuaries are dynamic water bodies with 
terrestrial and marine organic carbon inputs. However the changes in the spatial 
distribution and partitioning of carbohydrates between dissolved and particulate phases in 
estuarine and coastal waters are poorly quantified. This study will attempt to understand 
the distribution and partitioning of dissolved and particulate carbohydrates in the 
Mississippi Sound/Bight, as well as through laboratory mixing experiments. This study 
will also provide information on the partitioning of carbohydrate in the surrounding water 
bodies such as the Mississippi River, Pearl River and Lake Pontchartrain. The major 
input of terrigenous organic material in the Gulf of Mexico is the Mississippi River. Lake 
Pontchartrain is also connected to Gulf of Mexico by the Rigolets Strait. The distribution 
and partitioning of carbohydrates in the Mississippi River and Lake Pontchartrain will 
give a background support to better understand the partitioning of carbohydrates in 
estuarine and coastal waters in the northern Gulf of Mexico. In addition, measurements of 
10 
APS will provide the first dataset for the abundance and variations of APS in the study 
area. 
Methods 
Monthly samples have been collected from the Mississippi Sound/Bight during 
NGI cruises between May 2010 and August 2011. Figure 1 shows the monthly sampling 
stations in the Mississippi Sound/Bight. 
Figure I. Sampling stations along a transect from near-shore to offshore in the 
Mississippi Sound/Bight. 
By analyzing the NGI samples over 15 months, we will elucidate the dynamic 
changes in the abundance, distribution and partitioning of the carbohydrate species and 
their interrelationship with environmental parameters in the Mississippi Sound and 
Mississippi Bight in the northern Gulf of Mexico. 
Collection of samples 
11 
Water samples collected from the NGI cruises were kept in acid-cleaned I Land 
2 L polyethylene bottles and were stored in a cooler with ice. Mostly all the samples were 
filtered within 24 hours after collection. For the dissolved carbohydrate, the water 
samples were filtered through pre-combusted GF/F filters (0.7 µm, 47 mm) (550°C for 4-
6 hours) and collected in 30 ml polyethylene bottles and kept in the freezer until analysis. 
For the particulate phase, pre-combusted GF/F filters were used (25 mm, 0.7 um pore 
size) to collect particulate CHO (p-CHO). After collecting the p-CHO, the filters were 
kept in Petri-dish and kept in the freezer until analysis. 
DOC and nutrients were collected by using precombusted GF/F filters (0.7 um, 47 
mm). DOC was collected in 20 ml glass vials and kept in refrigerator. Dissolved nutrient 
samples were collected in 30 ml and 60 ml polyethylene bottles. Suspended particulate 
matter (SPM) was collected by using 4 7 mm Milipore filter (0.4 um). Samples of POC 
and Chi-a were collected by using pre-combusted GF/F filters (25 mm, 0.7 um pore size). 
Carbohydrate Analysis 
For p-CHO analysis, filtered samples were put in a 10 ml ampoule and 4 ml of 1.2 
M H2S04 was added and then sealed and hydrolyzed for 2 hours at 100° C (Pakulski and 
Benner, 1992) . After complete hydrolysis, the sample was neutralized with 2.4 N NaOH 
and analyzed using the 2, 4, 6-tripyridyl-s-triazine (TPTZ) method (Myklestad et al., 
1997) with slight modification by Hung et al. (2001 ). In brief, I ml of hydrolyzed sample 
was taken in a 5 ml Teflon bottle and 1 ml of 0.7 M potassium ferricyanide was added 
12 
and kept in the oven for 20 minutes (temperature usually rises from 90- 115 ° C). After 
that, 1 ml of 2 M ferric chloride and 2 ml 2.5 M TPTZ were added in the dark and the 
samples were well mixed and kept in the dark for 30 minutes. Then the light absorbance 
was measured at 595 nm spectrophotometrically. For total CHO analysis, 4 ml of sample 
was taken in a 10 ml ampoule bottle and 1 N 0.4 ml HCl was added. Then the ampoule 
bottle was sealed and hydrolyzed at 100 ° C for 2 hours. After hydrolysis, the sample was 
neutralized with 1 N NaOH and analyzed by using TPTZ method. The monosaccharide 
concentration was analyzed without the hydrolysis. 
Measurements of Organic carbon, nutrients and other parameters 
DOC concentration was analyzed by a high temperature combustion method using 
a Shimadzu TOC-V analyzer (Guo and Macdonald, 2006). SPM samples were dried in an 
oven and the weight was taken until a constant weight is obtained. POC was analyzed on 
an elemental analyzer by the Stable Isotope Facility at UC Davis (Guo and Santschi, 
1997). Concentrations of Chl-a and nutrients were measured based on classical methods 
(Grasshoff et al. , 1999) at the University of Southern Mississippi . 
Results and Discussion 
Concentrations and phase partitioning of CHO 
During the 15 months sampling, both DOC and TDCHO decreased with 
increasing salinity (Figures 2 and 3) showing that river inputs from the Jourdan River, 
Wolf River, Mississippi River and Pearl River are important source of DOM. 
Concentrations of MCHO, PCHO also show a similar decreasing trend with increasing 
salinity (Figures. 4 and 5). While both MCHO and PCHO had a general decrease with 
increasing salinity, PCHO had a more dynamic distribution compared to MCHO in the 
Mississippi Sound/Bight. MCHO followed a similar distribution pattern as that of DOC 
13 
and TDCHO indicating a riverine source of MCHO. MCHO was the dominant species, 
suggesting the presence of highly degraded dissolved organic matter, especially in river 
and lower salinity waters. PCHO had a more dynamic source as it can be produced from 
phytoplankton photosynthesis, cell exudation and cell lysis as well as coagulation of 
MCHO. 
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Figure 2. The variation of DOC with salinity in the Mississippi Sound/Bight. 
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Figure 3. The variation ofTDCHO with salinity in the Mississippi Sound/Bight for all 
stations and all months. 
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Figure 5. Variations of PCHO concentration with salinity in the Mississippi Sound/Bight. 
The concentration of p-CHO increased with increasing salinity with a mid-salinity 
maximum and then decreased towards offshore with increasing salinity (Figure 6). The 
elevated concentration of p-CHO at the mid-salinity stations was consistent with POC 
and Chi-a (Figures 7 and 8). This indicates that the p-CHO is mainly produced from 
phytoplankton and also is a part of POC. There was a good positive correlation between 
p-CHO and Chi-a or POC (Figures 9 and 10). Similar correlation was observed in a 
previous study (Hung et al. , 2009). 
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Figure 6. Concentration of p-CHO for all stations and all months with salinity in the 
Mississippi Sound/Bight. 
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Figure 7. Variations of POC concentration with salinity in the Mississippi Sound/Bight. 
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Figure I 0. Correlation of p-CHO with POC in the Mississippi Sound/Bight. 
The salinity increased from near shore at station 1 to offshore at station 8. In 
general, station 1 has the highest MCHO concentration ranging from 22.8 µM-C to 108.3 
µM-C, which are much higher compared to those measured in a tropical estuary in India 
where the MCHO concentration ranged from 4.1 µM-C to 15.5 µM-C (Khodse et al., 
2007). In general, MCHO was the dominant species in the dissolved CHO. The highest 
concentrations of MCHO were found in the month of March and May 2011 , coincident 
with high river discharge. In May, the ratio of MCHO in the TDCHO was up to 0.9 while 
the average ratio of MCHO/DCHO was 0.65. MCHO decreased with increasing salinity. 
The variations of MCHO, PCHO and p-CHO with salinity are given in Figures. 4, 5 and 
6. The average concentrations for different CHO species are listed in Table 1. 
In Galveston Bay, the MCHO concentration varied from 13.3 to 62 µM-C and the 
concentration of PCHO varied from 10.2 to 41.9 µM-C (Hung et al., 2001). In the Trinity 
River, Texas, the concentration of MCHO ranged from 29.3 to 132.2 µM-C (Hung et al. 
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2005). In Mississippi Sound/Bight, the highest MCHO concentration was found at the 
near-shore station, station 1 (22.8 -108.3 µM-C) , indicating a heavy input of terrestrial 
organic matter. Seasonal variations showed that the high MCHO concentration was 
coincident with high river discharge, likely derived from the decomposition of soil and 
plant litters (Hedges et al., 1994). The percentage of dissolved CHO in the bulk DOC 
pool ( or DCHO/DOC ratio) also decreased from river water to open Gulf waters 
suggesting changes in DOM source and/or a preferential degradation/removal of CHO-
containing DOM (Wang et al. , 2010). The high concentrations of MCHO during March 
and May 2011 were highly coupled with peak freshwater discharge of the Pearl River and 
Mississippi River, indicating the influence of the Pearl River and the flooding event from 
the Mississippi River through Bonnet Carre spillway. This again points to the role of 
riverine discharge in controlling the distribution and seasonal variations of dissolved and 
particulate CHO species. 
The average percentage ofMCHO in the d-CHO pool was in the range of 50 to 
90% while the average PCHO/d-CHO was in the range of 8- 50 %. In May 2010, 
MCHO/d-CHO was 75% with PCHO/dCHO 25% and the percentage changed to 50 % 
MCHO/d-CHO and 50 % PCHO/d-CHO in June 2010. In 2011 , the percentage MCHO/d-
CHO was 90% with - 10% PCHO/d-CHO and the percentage changed to 50% MCHO/d-
CHO and 50 % PCHO/d-CHO in July 20 11. The average d-CHO in the total-CHO pool 
(d-CHO/t-CHO) was in the range of 60 -90 % whereas 10-40 % of the total CHO was in 
the particulate phase. The average d-CHO/t-CHO was the highest in August 201 1 (90%) 
with - 10% in the particulate phase (Table 1 ). In June 2011 , 60% of the total CHO was in 
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the dissolved phase and 40% was in the particulate phase. There is a positive correlation 
of p-CHO with chl-a. The concentration of chl-a was also highest in June 2011. 
Table 1 
The average concentration of different CHO species in the Mississippi Sound/Bight 
Month MCHO TDCHO PCHO p-CHO MID P/D t(D+p) Dlt p/t 
(uM-C) (uM-C) (uM-C) (uM-C) 
Aug-11 28.21 48.63 20.42 6.38 0.60 0.40 55.02 0.91 0.09 
Jul-1 l 27.58 52.45 24.87 27.81 0.51 0.49 80.27 0.67 0.33 
Jun-I I 32.40 43.12 10.72 24.30 0.87 0. 13 67.42 0.62 0.38 
May-I I 60.44 67.05 6.61 29.63 0.92 0.08 96.68 0.79 0.21 
Apr-I I 33. 15 41.98 8.83 13.25 0.77 0.23 55 .23 0.75 0.25 
Mar-I I 64.58 72.92 8.34 10.58 0.90 0. 10 83 .5 1 0.87 0.13 
Feb- I I 25.64 37.93 12.28 6.93 0.66 0.34 44.85 0.88 0.12 
Jan- I I 25.25 34.91 9.66 13.62 0.73 0.27 48.54 0.75 0.25 
Nov-IO 15.32 28 .22 12.90 16.48 0.63 0.37 52. 19 0.68 0.32 
Sep-IO 18.18 27. 10 7.18 9.65 0.7 1 0.29 37.73 0.73 0.27 
Jul-10 60.95 70.50 9.55 10.44 0.85 0.15 80.93 0.88 0.12 
Jun- IO 2 1.45 38.73 17.28 17.24 0.5 1 0.49 55 .97 0.70 0.30 
May- 10 3 1.69 47 .36 15.67 15.74 0.68 0.32 63. 10 0.77 0.23 
May-IO 26.34 35.33 8.99 18.83 0.76 0.24 54.16 0.69 0.31 
Partitioning of CHO in the Mississippi Sound/ Bight 
Carbohydrate species in seawater include dissolved (d-CHO = MCHO plus 
PCHO) and particulate CHO (p-CHO). The partitioning of CHO between d-CHO and p-
CHO, and between MCHO and PCHO are related to physicochemical, hydrological, and 
biological processes. In summer 2010, MID was 67% while in summer 2011; MID was 
77% (Figure 11). The higher percentage of MID in summer 201 1 was due to the flooding 
event of the Mississippi River. In summer 2010, pit was 28% and Dlt was 72% while in 
2011 summer; pit was 35% and Dlt was 65% (Figure 11). The percentage of pit was 
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higher in summer 2011 due to the higher concentration of Chi-a in summer 2011 
compared to summer 2010. In spring and winter, the partitioning in the total pool was 
similar. In spring, pit was 19% while in winter p/t was 18%. But within the dissolved 
pool, the partitioning was somewhat different. In spring, M/D was 83% and 17% P/D 
while in winter MID was 69% and P/D was 31 % (Figure 12). This is because of the fact 
that, there was a high discharge in the Pearl River in spring 2011, causing higher MID 
ratio in spring compared to winter. 
Summer2010 Summer2010 
Summer2011 Summer 2011 
Figure 11. The partitioning of CHO species in summer 2010 and summer 201 1 in the 
Mississippi Sound/Bight. 
Spring Spring 
Winter Winter 
Figure 12. The partitioning of CHO species in spring and winter in the Mississippi 
Sound/Bight. 
Seasonal Variations in CHO species 
23 
There was a strong seasonality in the distribution and partitioning of CHO in the 
Mississippi Sound/Bight between May 2010 and August 20 11 . The concentration of 
MCHO was high in March and May 2011 , coincident with high river discharge from 
Pearl River and Mississippi River. The d-CHO concentration was mainly controlled by 
the river discharge and the flooding events; whereas the p-CHO concentration is 
24 
dependent on the phytoplankton biomass. It also suggests that river discharge was the 
controlling factor in the high MCHO concentration observed in the Mississippi Sound 
and Mississippi Bight resulting in the seasonal variation of dissolved and particulate 
CHO. The fraction of p-CHO in the total CHO pool increased from 0.24 ± 0.07 in 
January to 0.38 ± 0.17 in June due to increase in phytoplankton biomass, but decreased 
again from June to 0.09 ± 0.07 in August in 2011 with the opposite trend in the d-CHO/t-
CHO ratio (Figure 13). 
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CHO pool in the Mississippi Sound/Bight. 
There is a positive correlation between p-CHO and Chi-a (Figure 9) but a 
negative correlation between d-CHO and Chi-a for the same months, suggesting a 
biological production for p-CHO but less ford-CHO in the water column as d-CHO and 
Chi-a are in different phases. The POC concentration increased with increasing salinity 
with a mid salinity maximum (Figure 7). The p-CHO/POC (Figure 14) shows two 
clusters; one with higher CHO/g of QC and the other cluster is low CHO/g of OC. This 
indicates different source of POC in different months. The POC can have terrestrial 
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source as well as biological source. The CHOs produced from biological source have 
higher concentration compared to the terrestrial source of POC. The p-CHO/SPM (Figure 
15) also shows a trend with a mid salinity maximum. There is a positive correlation of 
POC and p-CHO in almost all the months (Figure 10), again suggesting a biological 
control and some other sources of p-CHO. 
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Figure 15. The p-CHO/SPM with salinity in the Mississippi Sound/Bight. 
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In the dissolved phase, MCHO increased from 0.72 ± 0.02 in January 2011 to 
0.87 ± 0.47 in June 2011 and PCHO decreased from 0.27 ± 0.02 in January to 0.12 ± 0.12 
in June and increased in July and August 2011 (Figure 16). The average concentration of 
p-CHO in summer 2011 was higher than summer 2010 compared to winter and spring 
(Figure 17). The concentration of MCHO increased and PCHO decreased from January 
to June 2010, and this is due to the influence of fresh water. The river water mainly 
contains highly degraded organic matter and PCHO is mainly produced from fresh 
production and also from coagulation of MCHO. In summer 2011 , p-CHO was higher 
because of more production compared to 2010. In June 201 1, the percentage of p-CHO/t-
CHO was the highest (- 40%) and the concentration of chi-a was also the highest. Likely, 
the May 201 1 flooding event of the Mississippi River also brought huge amounts of 
nutrients through the Bonnet Carre spillway into the Mississippi Sound/Bight and, at the 
27 
same time, stimulated higher primary production. Table 2 compares the concentrations of 
different CHO species in different study areas. 
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Figure 16. Average monthly change ofMCHO/DCHO, PCHO/DCHO in the Mississippi 
Sound/Bight. 
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Figure 17. Seasonal variation of dissolved and particulate CHO in the total CHO pool in 
the Mississippi Sound/Bight. 
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Table 2 
The CHO concentration (µM-C) of different species in different aquatic environments 
Area s MCHO PCHO p-CHO Reference 
Galveston Bay 0-36.4 13-62 10-42 Hung et al (2001) 
Delaware Bay 11.36- 2.4-31.3 2.1 -35.9 Witter& Luther 
35.65 (2002) 
Indian Ocean 28.5- 0.57-3.58 Khodse et al. (2007) 
36.02 
East China Sea 0.42-6.61 Hung et al. (2009) 
Mandovi estuary 0.06- 4.1-15.5 9.1-62 Khodse et al. (2010) 
34.58 
Bay St Louis Wang et al. (2010) 
In some months, specifically June 2010, July 2010, September 2010, November 
2010, March 2011, April 2011 and May 2011, due to weather conditions, all the NGI 
stations are not covered. In order to better understand the seasonality, the stations can be 
divided into three regions: region I (stations 1 and 2), region II (stations 3, 4, and 5) and 
region III (stations 6, 7, and 8). Region I has the most river influence due to its proximity 
to the coast, region II is the area with middle salinity waters depending on the sampling 
season, and region III has the most influence of Gulf of Mexico waters and the 
Mississippi River plume. For better comparison between sampling months, data from 
station 1, station 4, and station 6 were plotted separately. In general, the ratio of pit, Dlt, 
M/D and P/D followed a similar trend when the stations were plotted separately 
compared to the average ratios for the entire transect before separating the stations into 
specific regions. At station 1, (although July 2010 did not have a sample from station 1), 
the ratio of p-CHO in the total CHO pool increased from 0.12 in March 201 1 to 0.28 in 
August 2011 , in the total CHO pool (Figure 18). The p-CHO/t-CHO was lower in 
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February (0.23) and March (0.12) compared to January (0.36) and this was consistent for 
data from station 1 or average data of all months at all stations. The trend was also similar 
in the dissolved phase with an increase in MID and decrease in P/D (Figure 19). 
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Figure 18. Monthly change in the partitioning of CHO between dissolved and 
particulate phases at station 1 in the Mississippi Sound/Bight. 
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Figure 19. Monthly change in the partitioning of CHO between monosaccharides 
(MCHO) and polysaccharides (PCHO) at station 1 in the Mississippi Sound/Bight. 
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For station 4, there was an increase in p/t ratio from January (0.19) to (0.54) in 
July 2011 (Figures 20 and 21) although samples of station 4 were not available for the 
month of April and May. For station 6, the pit ratio increased from 0.25 in January 0.38 
in June consistent with the trend of average pit and D/t for all stations together (Figures 
22 and 23). So in different ways, strong seasonality was observed in the distribution and 
partitioning of CHO in the Mississippi Sound/Bight. 
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Figure 20. Monthly change in the dissolved and particulate CHO in the total CHO pool in 
the Mississippi Sound/Bight. 
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Figure 21 . Monthly change in the dissolved phase (MCHO, PCHO) in the dissolved pool 
in the Mississippi Sound/Bight. 
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Figure 22: Monthly change in the dissolved and particulate CHO in the total CHO pool at 
station 6 in the Mississippi Sound/Bight. 
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Figure 23. Monthly change in the dissolved phase (MCHO, PCHO) in the dissolved 
CHO pool in the Mississippi Sound/Bight. 
Distributions of APS: 
The concentration of APS in general fo llowed the same trend asp-CHO. The 
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concentration of APS increased with increasing salinity with a mid-salinity maximum 
and then decreased towards offshore (Figure 24). APS is also produced from 
phytoplankton and bacteria and is a part of CHO. It has a positive correlation with chi-a 
and POC (Figure 25), indicating a biological source of APS. 
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Figure 24. The distribution of APS with salinity in the Mississippi Sound/Bight. 
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Figure 25. Relationship between APS and Chl-a or POC in the Mississippi Sound/Bight. 
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CHAPTER III 
BEHAVIOR OF CHO SPECIES DURING LABORATORY MIXING EXPERIMENTS 
Introduction 
The first objective was to collect water samples from the Jourdan River (S= 0.02), 
the Mississippi River (S = 0.20, DOC = 2.5 mg-C/L), and the Gulf of Mexico to perform 
laboratory mixing experiments in order to mimic estuarine mixing along a salinity 
gradient. From the Gulf of Mexico, twenty liters of water was collected which served as 
the ocean end member with a salinity S = 36.4 %0, DOC = 0.327 mg-C/L) at the end of 
March in 2010. Two mixing experiments were performed: one at the end of March and 
one in May 2010 with Mississippi River and Jourdan River as the river end member, 
respectively. 
Methods 
For the laboratory mixing experiment, water samples were collected from the 
Mississippi River, the Jourdan River, and the Gulf of Mexico. Figure 26 shows the map 
with the sampling sites. Other analytical methods are given in Chapter II. 
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Figure 26. Sampling sites (Jourdan River and Gulf of Mexico) for the laboratory mixing 
experiment. 
Results and Discussion 
In the first mixing experiment (ME I), with the Mississippi River and Gulf of 
Mexico as end members, both the DOC and dissolved CHO concentrations decreased 
with increasing salinity (Figures 27 and 28) showing the Mississippi River as an 
important DOM source. MCHO also decreased with increasing salinity following almost 
the same trend as DOC and TDCHO (Figure 29). 
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Figure 27. Variation of DOC with salinity during mixing experiment using the 
Mississippi River water and Gulf of Mexico seawater. 
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Figure 28. The variation of total dissolved CHO with salinity during mixing experiment 
using the Mississippi River water and Gulf of Mexico seawater. 
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Figure 29. The concentration ofMCHO with salinity during mixing experiment using the 
Mississippi River water and Gulf of Mexico seawater. 
The distributions of MCHO, PCHO and p-CHO are shown in Figure 30. MCHO 
was the predominant species (90%) (Figure 31 ), within the dissolved CHO pool, leaving 
on average only - 10% in the form of PCHO indicating river waters contained highly 
degraded dissolved organic matter during the late winter season. The percentage of 
dissolved CHO in the bulk DOC pool decreased from river water (- 25%) to open Gulf 
waters (- 10%) with an average of 20%, suggesting a preferential degradation and/or 
removal of CHO-containing DOM. On average, - 28% of total CHO was in the 
particulate phase and 72% in the dissolved phase (Figure 32). 
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Figure 30. The distribution of MCHO, PCHO and p-CHO with salinity during mixing 
experiment using the Mississippi River water and Gulf of Mexico seawater. 
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Figure 31. The distribution of MCHO and PCHO within the dissolved pool with salinity 
during mixing experiment using the Mississippi River water and Gulf of Mexico 
seawater. 
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Figure 32. The variation of dissolved and particulate CHO in the total pool with salinity 
during mixing experiment using the Mississippi River water and Gulf of Mexico 
seawater. 
The average concentrations ofMCHO, TDCHO, PCHO and p-CHO were 30 ± 14 
µM-C, 33 ± 16 µM-C, 3.05 ± 3.1 µM-C and 15 ± 10 µM-C, respectively. Figure 33 
shows that the suspended particulate matter decreased with increasing salinity. In general, 
the particulate organic carbon (POC) decreased with increasing salinity (Figure 34). The 
p-CHO also followed the same trend as POC (Figure 35). 
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Figure 33. The distribution of SPM with salinity during mixing experiment using the 
Mississippi river water and Gulf of Mexico seawater. 
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Figure 34. The distribution of POC with salinity (on top) and the distribution of 
POC/SPM with salinity ( on bottom) during mixing experiment using the Mississippi 
River water and Gulf of Mexico seawater. 
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Figure 35. The distribution of p-CHO/SPM with salinity (upper panel) and p-CHO with 
salinity (lower panel) during mixing experiment using the Mississippi River water and 
Gulf of Mexico seawater. 
The concentration of both POC and p-CHO was high in the salinity range from 2-
10. Dissolved carbohydrate (d-CHO) was significantly removed during mixing in the 
salinity range of 4-1 0 (Figure 32), resulting in, at the same time the production of 
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particulate carbohydrate (p-CHO) most likely due to the coagulation of PCHO. The 
depletion in the percentage ofDCHO/DOC (from 25 % to 10%) coincided with the 
removal of dissolved CHO in the lower salinity estuarine regions. Wang et al. (2010) also 
found removal ofTDCHO during estuarine mixing in the Bay of St. Louis in the lower 
salinity regions ( <10). 
In the mixing experiment II (ME II), with the Jourdan River and Gulf of Mexico 
as the end members collected on May 03, 2010, DOC and TDCHO decreased with 
increasing salinity (Figures 36 and 37). 
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Figure 36. The distribution of DOC with salinity during mixing experiment using the 
Jourdan River water and Gulf of Mexico seawater. 
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Figure 3 7. The distribution of TDCHO with salinity during mixing experiment using the 
Jourdan river water and Gulf of Mexico seawater. 
The percentage of dissolved CHO in the bulk DOC pool decreased from river 
water (-24%) to open Gulf waters (- 14%) with an average of 16%, suggesting changes in 
DOM source and/or a preferential degradation/removal of CHO-containing DOM. About 
80% of the total CHO was in the dissolved (d-CHO) and 20% in the particulate (p-CHO) 
phase during the mixing experiment (Figure 38). Among the dissolved CHO phase, 
MCHO was the predominant species (88%) with 12% measured in the PCHO (Figure 
39), indicating the presence of highly degraded dissolved organic matter in the river and 
coastal waters. No significant production of p-CHO was seen during laboratory mixing in 
early summer. The distribution of MCHO, PCHO and p-CHO was shown in Figure 40. 
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Figure 38. The variation of dissolved and particulate CHO in the total pool with salinity 
during mixing experiment using the Jourdan river water and Gulf of Mexico seawater. 
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Figure 39. The distribution of MCHO and PCHO within the dissolved pool with salinity 
during mixing experiment using the Jourdan river water and Gulf of Mexico seawater. 
120.00 
100.00 
- 80.00 u 
I 
~ 
::I 60.00 ,_, 
~ 
= 0 40.00 u 
20.00 
0.00 
0 10 20 
Salinity 
-+-MCHO 
-a- PCHO 
-...pCHO 
30 40 
Figure 40. The distribution of MCHO, PCHO and p-CHO with salinity during mixing 
experiment using the Jourdan river water and Gulf of Mexico seawater. 
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The average ·concentration ofMCHO, TDCHO, PCHO and p-CHO was (50 ± 29) 
µM-C, (58 ± 30) µM-C, (7 ± 4) µM-C and (16 ± 9) µM-C , respectively. The SPM 
concentration decreased with increasing salinity (Figure 41) and the POC and p-CHO 
also decreased in the same manner (Figures 42 and 43). There was a positive correlation 
of POC and p-CHO (Figure 44). 
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Figure 41. The distribution of SPM with salinity during mixing experiment using the 
Jourdan river water and Gulf of Mexico seawater. 
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Figure 42. The distribution of POC and POC/SPM with salinity during mixing 
experiment using the Jourdan river water and Gulf of Mexico seawater. 
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Figure 43. The distribution of p-CHO with salinity (top panel) and the distribution of p-
CHO/SPM (bottom panel) during mixing experiment using the Jourdan river water and 
Gulf of Mexico seawater. 
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Figure 44. The correlation of p-CHO with POC during mixing experiment using the 
Jourdan river water and Gulf of Mexico seawater. 
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CHAPTER IV 
SEASONAL VARIATIONS OF CRABOHYDRA TE SPECIES IN 
LAKE PONTCHARTRAIN 
Introduction 
Lake Pontchartrain is a brackish estuary with an average depth of 4 meters. It is 
connected to the Mississippi River through the Bonnet Carre Spillway during extreme 
floods and the Gulf of Mexico through the Rigolets strait and the Mississippi Sound. 
Lake Pontchartrain is also connected to Gulf of Mexico by the Rigolets Strait. The 
distribution and partitioning of carbohydrates in the Mississippi River and Lake 
Pontchartrain will give a background support to better understand the partitioning of 
carbohydrates in estuarine and coastal waters in the northern Gulf of Mexico. 
Methods 
51 
Water samples were collected from the Lake Pontchartrain during December 2010 
and March 2011 for carbohydrate and APS analysis. These analyses will provide the 
background information on carbohydrate biogeochemistry in riverine, estuarine and 
coastal waters in the n011hem Gulf of Mexico region. The CHO (MCHO, PCHO and p-
CHO) were measured by using the TPTZ method described in chapter II. Figure 45 
shows the sampling stations inside the Lake Pontchartrain. 
Figure 45. A map and sampling locations for Lake Pontchartrain, the Mississippi River 
and the Pearl River. 
Results and Discussion 
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In Lake Pontchartrain, water samples were collected in December 2010 and 
March 2011. The DOC concentrations in December (425 ± 19 µM-C) and in March (450 
± 42 µM-C) are not significantly different (Figure 46). Concentrations ofTDCHO were 
similar (average 98 ± 24 in December and 102 ± 20 µM-C in March) and did not have 
much difference between December and March (Figure 4 7). The MCHO concentration 
J 
was higher in March (92 ± 19 µM) compared to December (58 ± 13 µM) (Figure 48). 
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Figure 46. The variation of DOC with salinity in Lake Pontchartrain. 
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Figure 47. The variation of TDCHO with salinity in Lake Pontchartrain. 
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Figure 48. The distribution of MCHO with salinity in Lake Pontchartrain. 
The fresh water discharge was higher in March whereas the fresh water flow was 
slow in December (Figure 49). Although the concentration of DOC and TDCHO did not 
change during spring and winter months, the MCHO was higher in spring compared to 
winter. This is because of the higher fresh water discharge to Lake Pontchartrain in 
spring. As river water contains highly degraded organic matter from decomposed soil and 
litters, higher fresh water discharge can influence the MCHO concentration. The wind 
speed and the turbidity were lower in December (Figures 50 and 51 ). 
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Figure 49. River water discharge into the Lake Pontchartrain. 
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Figure 50. The turbidity of Lake Ponchartrain in winter and spring (data from Lumcon). 
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Figure 51. The wind speed for Lake Pontchartrain in winter and spring. 
The chl-a concentration and the nutrients were higher in December compared to 
March (Figures 52 and 53). The average chi-a concentration was 48.4 ± 13.2 µg/L in 
December and 36.64 ± 10.53 µg/L in March 2011. The PCHO concentration was also 
57 
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higher in December than in March (Figure 54) but the p-CHO did not vary a lot between 
two sampling seasons (Figure 55). The wind speed and turbidity was lower in winter and 
the concentration of chl-a was higher in winter. Thus, there was more phytoplankton 
biomass causing higher concentration of PCHO in the winter than in spring. The p-CHO 
did not change a lot during the two seasons and there is no correlation between chl-a and 
p-CHO. This indicates that there may be some other factors influencing the production of 
p-CHO such as nutrients, light, and temperature. Different diatom species also contribute 
to the production of CHO (Heckey et al., 1973 ). 
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Figure 52. The concentration of chl-a with salinity during winter and spring in Lake 
Pontchartrain. 
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Figure 53. The total dissolved phosphorus with salinity during winter and spring in Lake 
Pontchartrain. 
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Figure 54. The distribution of PCHO with salinity in Lake Pontchartrain. 
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In December, the average concentration ofMCHO, PCHO and p-CHO was 58 ± 
13, 40 ± 18, and 6.5 ± 4.1 µM-C , respectively. In the d-CHO phase, 60% was in the 
MCHO form and 40 % was in the PCHO (Figure 56). 
0.9 
0.8 • 
0.7 • •• 
0.6 • • 
.~ 0.5 
••• • 
' 
• 
-E o.4 
• • + M/D 0.3 
• • P/D •• 0.2 
• 0.1 
0 
2.5 3 3.5 4 4.5 5 5.5 6 
Salinity 
Figure 56. The variations in the fraction of MCHO and PCHO in the dissolved CHO pool 
with salinity in Lake Pontchartrain during winter. 
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There was no previous data for CHO in the Lake Pontchartrain. Compared to 
Jiaozhou Bay in China (Yang et al., 2010), where 46% of the d-CHO was in MCHO and 
54% was in the PCHO, Lake Ponchartrain contains higher degraded organic material. In 
the total CHO pool, 93% was in the dissolved phase and 7% was in the particulate phase. 
In March, the average concentration ofMCHO, PCHO and p-CHO was 92 ± 19, 9.1 ± 
7.9, and 9.3 ± 2.9 µM-C, respectively. About 90% of the CHO was in the MCHO and 
10% was in the PCHO form in the d-CHO pool (Figure 57). In the total CHO pool, 90% 
was in the dissolved phase where as 10 % was in the particulate phase (Figure 58). 
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Figure 57. The ratio of MCHO and PCHO in the dissolved pool with salinity during 
spring in Lake Pontchartrain. 
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Figure 58. The ratio of dissolved and particulate CHO in the total pool with salinity 
during spring in Lake Pontchartrain. 
62 
Compared the CHO data between spring and winter seasons, their abundances are 
somewhat different but their partitioning between different phases are similar. However, 
compared to the Trinity River, Texas the abundance of CHO in the Lake Pontchartrain 
were in the same range. In the Trinity River, MCHO was in the range of 27 to 112 µM-C 
(Hung et al., 2005) where as in Lake Pontchartrain, MCHO was 58 to 92 µM-C. The 
abundance of CHO species are different in marine environment compared to coastal and 
riverine system. In the riverine system, mostly MCHO is the dominant species where 
marine environment contains PCHO. 
There is a positive correlation between POC and p-CHO in December but not 
significant correlation was found for spring (March) samples (Figure 59), reflecting a 
dynamic source function and cycling during early spring. In addition, no obvious 
correlation was found between p-CHO and chl-a in both sampling months (Figure 60), 
indicating sources of p-CHO are not solely derived from phytoplankton. 
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Figure 60. The correlation between POC and p-CHO in Lake Pontchartrain. 
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CHAPTER V 
THE PARTITIONING OF DIOXIN BETWEEN COLLOIDAL, PARTICULATE AND 
SEDIEMNT PHASES IN THE MISSISSIPPI RIVER AND THE PEARL RIVER 
Introduction 
Dioxins are chlorinated aromatic diether with 210 congeners 75 of them are 
Polychlorinated dibenzo-p-dioxins (PCDDs), 135 Polychlorinated dibenzofurans 
(PCDFs), and 209 Polychlorinated Biphenyls (PCBs) (Van den Berg et al., 2006). They 
are regarded as persistent organic pollutants. They are of great concern for their long 
persistence in the environment, toxicity, bioaccumulation through food chains and the 
public health aspects such as consumption offish, meat and dairy products (ATSDR, 
1998, 2000; US EPA, 2003). These compounds are transported through air, water, and 
migratory species across international boundaries. They can be deposited far from their 
place of release and can be accumulated in aquatic and terrestrial ecosystems (Rotland et 
al., 2006). Dioxins are very stable both thermally and chemically and can be found in 
water, soil, sediments, and organisms. The most toxic halogenated aromatic member of 
this group is 2,3,7,8-tetrachlorodibenzo-p- dioxin ( 2,3,7,8-TCDD) (Mably et al., 1991; 
Vos et al., 1991 ). The toxicity of the other members of this group is determined relative 
to TCDD. This toxic equivalency factor (TEF) is used to calculate the toxic equivalent 
concentration (TEQ) in any sample. The other main groups are PCDDs and PCDFs. They 
are hydrophobic with low vapor pressure and high octanol-water partition coefficient. 
They have a great affinity towards sediment and they can accumulate in the fatty tissues 
of animals and humans. Even in a single species dioxin content may vary with different 
fat content of different organs (Rappe et al. 1991 ). 
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The ultimate fate of dioxin in the environment is the aquatic sediments. There is a 
Vander Waals force of attraction between dioxins and the hydrophobic functional groups 
of soil organic matter and organic carbon. Sorption of dioxin will be proportional to the 
organic matter content of the sediment. They bind to the particulate matter in the soil and 
either get buried or transferred to the air ( depending on the number of chlorine atoms) or 
eroded to the surface waters (EPA 1987). Dioxins mainly adsorb to the suspended 
particles when they are present in the water column and can be transferred downstream. 
The lower chlorinated dioxin congeners tend to volatilize to the atmosphere and the 
higher chlorinated ones gets sorbed to the sediments. Dioxins, as they are hydrophobic by 
nature, are mainly associated with the organic matter content (Liu et al. 2008) and lipid 
content (Broman et al. 1991 ). Colloids are macromolecules with a size range of 1 to 1000 
nm, an intermediary phase between the dissolved and particulate phase. According to 
previous literature, the concentration of dioxin is high in suspended particulate matter and 
in sediments (Liu et al., 2008; Suarez et al. , 2006; Gotz et al., 1994). This partitioning 
depends on the organic matter content, lipid content, particle size, and distribution 
coefficients, such as Kow and Koc· There is very limited research in colloids with dioxin. 
The sorption of dioxin to organic matter depends on the type, source and amount of 
organic matter. Dioxin concentration varied in the colloidal fraction and the filtered water 
due to difference in the physiochemical properties of different congeners of dioxin 
(Persson et al. 2008). 
There are some factors that can control the fate of dioxin in different phases. Fan 
et al. (2006) reported that the higher the organic matter content, the higher is the sorption 
affinity of the dioxin. In addition, the contact time with the organic matter is an important 
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factor for the partitioning. Longer contact time is required for high organic matter 
containing soils whereas short contact time is found for those soils which contain less 
organic matter. The partitioning coefficients also play a role in the partitioning of dioxin 
between different phases. Dioxins have high octanol- water coefficients and their 
partitioning from particulate phase to water increases with decreasing Kow· According to 
previous studies, particle size can also significantly affect the distribution of dioxin 
between different phases. Kitamura et al. (2009) showed that the concentration of dioxin 
is higher in the water column having particle size ranging from 0.1-1 µm and 1-10 µm 
than in the sediments. As dioxin is lipophilic in nature, it is bioaccumulated in the fatty 
tissues. Thus, the concentration also depends on the fat/lipid content of the sample. 
Liu et al. (2008) studied the Xijiang River, China for dioxin analysis in the water 
and suspended particulate matter. The concentration of dioxin was 2.7- 4.6 pg/Lin the 
water and was 562-3259 pg/gin suspended particulate matter, showing a higher 
concentration of dioxin in the particulate phase (in ng/L). Seasonal differences were 
observed with higher concentration in summer and lower in winter. The authors also 
showed a good correlation between log Koc and log Kow for 2,3,7,8 PCDD/F 
(Polychlorinated dibenzo-p-dioxins/ dibenzofurans) and the partitioning of dioxin in the 
water and SPM was dependent on the organic matter content (Liu et al., 2008). Suarez et 
al. (2006) discussed the distribution of dioxin in three different phases: water, suspended 
sediments and bottom sediments in the Houston Ship Channel. The concentration in the 
water column was 0.01-0.25 pg/Land in the suspended sediment the concentration was 
0.09-2.91 pg/L. As dioxins were hydrophobic, concentrations in the water column were 
much lower than in the suspended sediments. The compounds tend to move from the 
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particulate to the dissolved phase with decreasing Kow· The concentration in the sediment 
was in the range of 0.9-139.8 ng/kg dry weight. OCDD (octachloro dibenzo para dioxin) 
has the highest concentration in most of the samples although TCDD was the major 
contributor for total TEQ (Suarez et al., 2006). There were some other studies on the 
distribution of dioxin in different phases. Broman et al. (1991) in his paper showed dioxin 
concentration in the Baltic Sea in the dissolved and suspended samples. Mostly all the 
congeners were associated with particulate matter. This distribution was contingent on 
the concentration of particulate lipids and not on the organic matter content. Gotz et al. 
(1994) in his study in the River Elbe found 98% of the PCDD/F was in the suspended 
particulate phase. They concluded that the concentration was due to municipal and 
industrial effluents. 
SPMD (Semipermeable Membrane Device) was deployed in water and sediment 
in Lower Fraser River, Canada in order to analyze dioxin in water and sediment 
(Rantalainen et al. 1998). Higher concentration of dioxin was found in the SPMD in the 
sediment. Lohmann et al. (2000) in his paper focused on the flux of dioxin congeners 
from water to air in the Hudson River Estuary. Dioxins are bound to particles more with 
increase in chlorination. Another study in a marine fjord in Norway showed the 
partitioning of dioxin depends on the soot carbon in addition to organic carbon (Persson 
et al. 2002). Scott et al. (2009) did a study in the Mississippi River catfish and compared 
the dioxin concentration in the Mississippi River, Pearl River and Leaf River. They found 
that PCDD was higher in Pearl River and Leaf River compared to the Mississippi River. 
In the Mississippi River the dioxin like PCB concentration was highest. 
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The primary objective was to collect water samples (large volume), sediments and 
suspended particles from the Mississippi River and the Pearl River and to measure 
dioxins through collaboration with the EPA Environmental Chemistry Laboratory at the 
SSC. 
The first hypothesis was the dioxin concentration in the three phases: particulate 
organic matter (POM), colloidal organic matter (COM) and sediments should depend 
physically on particle size and chemically on the organic carbon content. The second 
hypothesis was the concentration of dioxin in the Mississippi River will be greater than in 
the Pearl River. 
Also, we expect to see that the dioxin concentration increases with increasing 
organic carbon and lipid content. The Mississippi River has more anthropogenic impact; 
it washes off fertilizers, include burning of plastics, industrial emissions containing 
chlorine, higher inorganic nutrients. Triclosan, which is a widely used antimicrobial, can 
be converted to dioxin in the presence of solar light (Kanetoshi et al. 1992). As the 
Mississippi River is the largest river basin and covers 40% of the contiguous United 
States, it drains off all these materials which can contribute to higher concentration of 
dioxin. On the other hand, the Pearl River is more pristine, lower pH, higher organic 
carbon than the Mississippi River. Although the organic carbon in the Pearl River is high, 
the Mississippi River will have higher dioxin concentration due to its greater 
anthropogenic impact. 
Methods 
Sampling 
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For the dioxin analysis, large volume (200 L- 600 L) water samples from both the 
Mississippi River and the Pearl River on the sampling site, are pumped in situ through 
0.45 um Nucleopore cartridge to remove particles and it was collected in 20 L acid 
cleaned carboy. The carboys are rinsed with filtered water three times before collecting 
the samples. After bringing back the samples from the field, cross-flow ultrafiltration 
(Figure 61) is performed in laboratory by using 1 kDa cartridge in order to get the 
colloidal organic matter (0.45 um-1 kDa) from the low molecular weight ( < 1 kDa) (Guo 
and Santschi, 1996; Guo et al., 2000). This ultrafiltration technique will help to separate the 
dioxin in colloidal (> I kDa) and dissolved phases ( < I kDa). In the ultrafiltration system, the 
Reservoir I represent the sample which gets size fractionated with a spiral-wound 1 kilo 
Dalton (kDa) Am icon S l ON 120 ultrafiltration cartridge. The pressure applied in the system 
was 40 psi. The materials whose molecular weight was less than 1 kDa called the low 
molecular weight (LMW) were permeated through the membrane and were collected in 
Reservoir II. 0.05 N NaOH was used to clean the cartridge before filtering the sample, 
followed by flushing with by 15-20 L of Milli-Q water, and finally conditioned with I L 
sample water. After filtering, the colloidal organic matter is concentrated and the retentate 
is collected. Then the ultrafiltration cartridge was cleaned with I% Micro detergent and 0.1 
N Na OH, and then preserved in 1 % NaN3. Twenty litters of Milli-Q water were used to flush 
the system between each chemical wash. The colloidal samples collected during 
ultrafiltration were then freeze dried. Grab sediment samples were also collected from the 
rivers and freeze dried. For the particulate organic matter, raw water was collected and 
kept in lab for settling down the particles. Then the supernatant is decanted and the 
precipitate is centrifuged and then freeze dried. 
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The dioxin concentration of POM, COM and sediments were measured using GC-
MS in the EPA Environmental Chemistry Laboratory. 
Results and Discussion 
The concentration of dioxin for all congeners has an increasing trend from COM 
to POM to the sediments in both the Mississippi River and the Pearl River (Figures 62 
and 63). 
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Figure 63. The concentration of dioxin congener in the PRB COM and sediments. 
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For most of the congeners, the concentration of dioxin in the COM was below the 
detection limit. Among the three riverine COM samples, Octacholoro-dibenzodioxin 
(OCDD) was higher in the Pearl River at Bogalusa (PRB), followed by the Pearl River at 
Stennis (PRS) and then the Mississippi River (MR). In addition, the total dioxins and 
furans were higher in the PRB than the PRS and the MR (Figure 64). However, the 
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colloidal Octachlorodibenzo-furan was higher in the PRS than the PRB and the MR. This 
difference may result from difference in dioxin sources and riverine organic matter 
content and composition. In a previous study, Pearl River polychlorinated dibenzo-p-
dioxins (PCDDs) in wild caught and farm raised catfish were found to be higher than the 
Mississippi River (Scott et al., 2009). Our data show that the total dioxin concentration in 
MR sediments was higher than the PRB (Figure 65). On the other hand, OCDD was 
higher in the PRB while OCDF was higher in the MR sediments and this is consistent 
with the previous literature (Scott et al., 2009). But if the total dioxins and total furans are 
considered MR sediment has higher dioxin concentration compared to the PRB sediments 
(Figure 65). 
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The most toxic dioxin congener is 2,3,7,8 TCDD and it contributes the most to the 
toxic equivalent quotient (TEQ). In the MR, the concentration of TCDD was below the 
detection limit in the COM, but increased to 0.47 pg/g in POM sample and 1.27 pg/gin 
sediments. In the PRB sediments, the TCDD concentration is 0.219. The total TEQ 
concentrations of COM, POM and sediments are 0.0084 pg/g, 4.9 pg/g and 9.67 pg/g 
respectively, in the Mississippi River. The total TEQ for the PRB COM and sediments 
are 0.15 pg/g and 4.64 pg/g respectively. In comparison, Suarez et al (2006) reported a 
total TEQ concentration of POM and sediments in the range of 0.09-2.91 pg/1 and 0.9 -
139.8 ng/kg dry weight for the Houston Ship Channel. 
Evaluation of hypotheses 
From the results, it was seen that the concentration of dioxin increased from COM 
to POM to sediments with increase in size. The total dioxin and furans in the Mississippi 
River sediment was greater than the Pearl River sediment. But for the COM, the dioxin 
concentration was higher in the Pearl River compared to the Mississippi River. This may 
be because of different source of dioxin and organic matter content. 
The Mississippi River has more anthropogenic impact; it washes off fertilizers, 
include burning of plastics, industrial emissions containing chlorine, higher inorganic 
nutrients. Triclosan, which is a widely used antimicrobial, can be converted to dioxin in 
the presence of solar light (Kanetoshi et al., 1992). As the Mississippi River is the largest 
river basin and covers 40% of the contiguous United States, it drains off all these 
materials which can contribute to higher concentration of dioxin. On the other hand, the 
Pearl River is more pristine and has a lower pH and higher dissolved organic carbon than 
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the Mississippi River. The MR sediments contain more dioxin due to more anthropogenic 
impact. 
CHAPTER VI 
CONCLUSIONS 
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This study describes the distribution, partitioning, and seasonal variation of 
carbohydrate species in the Mississippi Sound/Bight and Lake Pontchartrain. The 
concentration of p-CHO increased with increasing salinity with a mid-salinity maximum. 
Biological factor was the main parameter controlling the production of p-CHO. There is a 
good correlation of p-CHO with POC, SPM and chl-a, which indicates phytoplankton 
biomass is the primary source of p-CHO. MCHO was mainly derived from rivers. There 
was high MCHO concentration during the flooding event of the Mississippi River and 
during high discharge of the Pearl River. This was also a controlling factor for the 
partitioning of CHO in the Mississippi Sound/ Bight. The p-CHO in the total pool was 
higher in summer 2011 compared to summer 2010 and this because of higher 
concentration of chl-a in summer 2011.The APS also show the same trend as the p-CHO 
indicating a biological source of APS. The APS has a positive correlation with chi-a and 
POC in the Mississippi Sound/Bight. This study also provides the mixing behavior of 
CHO species in the laboratory mixing experiments. It showed removal of d-CHO in the 
low salinity area. The study also focuses on the seasonal variation and partitioning of 
CHO in the Lake Pontchartrain. Although there was not much difference in the 
partitioning between the CHO species during spring and winter, their abundances were 
quite different. The dioxin concentration increased from COM to POM to sediments in 
both the MR and the PR. The dioxin concentration in the MR sediments was higher than 
the Pearl River sediments. 
Station# 
NG l-01 
NG l-02 
NG l-03 
NGl-04 
NG l-05 
NGl-06 
NGl-07 
NGl-08 
NGl-0 1 
NGl-02 
NG l-03 
NG l-04 
NG l-05 
NG l-06 
NG l-07 
NGl-08(S) 
NGl-08(8) 
NGl-0 1 
NGl-02 
NG l-04 
NGl-06 
NGl-08 (S) 
NGl-08 (B) 
NG l-02 
NGl-03 
NG l-04 
APPENDIX 
ENTIRE SALINITY, CHO, SPM AND DOC DATA FOR MS/MB 
date Salinity 
5/ 17/20 I 0 11.6 
5/17/20 I 0 12.8 
5/17/20 I 0 25.9 
5/ 17/20 I 0 26.2 
5/17/20 I 0 18.9 
5/17/20 I 0 19.8 
5/ 17/2010 21.3 
5/17/2010 22.6 
5/26/2010 9.8 
5/26/2010 12.3 
5/26/2010 15.6 
5/26/2010 17.2 
5/26/2010 19.3 
5/26/2010 2 1.1 
5/26/2010 22.8 
5/26/2010 22.3 
5/26/2010 
6/16/2010 10.3 
6/16/20 10 10.7 
6/16/2010 18 
6/16/20 10 19.6 
6/16/20 10 20 
6/16/20 I 0 35 
7/14/20 10 
7/14/20 10 
7/14/20 10 18.8 
MCHO 
µM-C 
42.46 
42. 17 
2 1.59 
28.26 
24.64 
19.71 
16.09 
15.80 
54.06 
72.20 
25.80 
35.07 
27.97 
25.36 
19.57 
19.28 
5.94 
37.93 
33.48 
19.07 
17.58 
18.77 
1.84 
109.23 
72.95 
68.74 
TDCHO 
µM-C 
61.72 
51.41 
30.45 
30.11 
32.99 
33.66 
25.55 
16.76 
78. 11 
83.28 
44. 14 
48.32 
35.86 
58.13 
27.75 
44.1 8 
6.46 
70.44 
58.22 
33.93 
29.86 
3 1.05 
8.87 
122.22 
95.86 
77.84 
PCHO 
µM-C 
19.25 
9.24 
8.86 
1.85 
8.35 
13.95 
9.46 
0.96 
24.05 
11.08 
18.34 
13.25 
7.89 
32.77 
8.18 
24.90 
0.52 
32.5 1 
24.74 
14.86 
12.28 
12.28 
7.03 
12.98 
22.91 
9. 10 
p-CHO 
µM-C 
13.24 
13.17 
20.30 
15.94 
7.00 
67.48 
5.20 
8.32 
26.30 
32.4 1 
14.55 
13.35 
12.17 
19.29 
9.8 1 
13.38 
0.40 
20.06 
19.26 
27.73 
2 1.67 
12.86 
1.87 
14.46 
13.69 
26.21 
SPM 
(g/L) 
0.0185 
0.0198 
0.0 1 
0.0103 
0.0055 
0.01 
0.0045 
0.001 
0.0105 
0.01 
0.0 14 
0.0 11 
0.006 
0.005143 
0.00 15 
0.00625 
0.0065 
0.0065 
0.009 
0.0 11 
0.0085 
0.004667 
0.01325 
0.0085 
0.006 
0.008 
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DOC 
(ppm) 
4.37 
4.01 
2.98 
2.90 
3.07 
3.07 
2.57 
2.42 
5.08 
4.49 
3.59 
3. 13 
3.32 
2.70 
3.07 
1.01 
5.20 
4.99 
3.79 
2.90 
2.95 
0.98 
5.53 
4.32 
3.96 
Statio n # date Salinity 
NG l-05 7/ 14/2010 20.4 
NG l-06 7/14/20 10 20.5 
NG l-07 7/14/20 10 21.2 
NG l-08 (S) 7/14/20 10 21.6 
NG l-08 (B) 7/14/20 I 0 36.1 
NGl-0 1 9/15/20 10 
NGl-07 9/15/20 10 27.7 
NG l-08 (S) 9/15/2010 28.4 
NGl-08 (B) 9/15/2010 
NGl-01 11/17/2010 22.1 
NGl-02 11/17/20 I 0 23 .5 
NGl-03 11/17/2010 27 
NGl-04 11 / 17/2010 29 
NGl-05 11/17/2010 31. 1 
NG l-0 1 1/ 19/2011 23.9 
NGl-02 1/19/20 11 23.4 
NGl-03 1/19/20 11 27.8 
NGl-04 1/19/20 11 29.7 
NGl-05 1/19/2011 32 
NG l-06 1/ 19/2011 33.4 
NGl-07 1/ 19/201 1 32.7 
NGl-08 (S) 1/ 19/201 1 33.6 
NG l-08(8) 1/19/201 1 35 
MCHO 
µM-C 
58.82 
53.83 
60.26 
52.93 
10.80 
39.84 
11.0 I 
9 .84 
6.06 
22.83 
28. 19 
14.27 
15.1 3 
14.21 
44.58 
4 1.95 
30.21 
25.73 
22.08 
17.22 
16.38 
15.15 
13.95 
T DCHO 
µM-C 
67. 12 
72.47 
56.48 
53.72 
18.26 
4 1.50 
20.01 
12.84 
38.14 
47.98 
28.78 
32.02 
3 1.60 
58.35 
61.81 
41.06 
36.10 
30.84 
23.73 
23.00 
2 1.0 1 
18.33 
PCHO 
µM-C 
8.29 
18.64 
-3.77 
0.80 
7.46 
1.66 
9.00 
3.00 
15.30 
19.79 
14.51 
16.90 
17.39 
13.77 
19.86 
10.85 
10.37 
8.76 
6.52 
6.61 
5.86 
4.38 
p-CHO 
µM-C 
2.57 
11. 16 
6.46 
7.98 
0.96 
18.23 
4.63 
3.26 
2.79 
16.97 
15.12 
18.9 1 
16.32 
15.10 
33.9 1 
33.36 
16.04 
8.89 
6.79 
7.92 
5.09 
4.97 
5.61 
SPM 
(g/L) 
0.0045 
0.00575 
0.0026 
0.003 
0.0035 
0.008 
0.0005 13 
0.005025 
0.00404 
0.0075 
0.0 175 
0.023 
0.01204 
0.0 18 
0.004333 
0.00675 
0.0092 
0.0106 
0.0108 
0.009667 
0.0025 
0.001833 
0.004333 
80 
DOC 
(ppm) 
3.44 
3.34 
3.02 
2.69 
0.86 
5.40 
2.39 
1.93 
1.20 
3.03 
3.14 
2.62 
2.14 
1.63 
1.37 
Station # date Salinity 
NG l-01 3/ 16/201 1 8.5 
NGI-02 3/16/201 1 9.1 
NGI-03 3/ 16/201 1 14.1 
NGl-04 3/16/201 1 16.8 
NGI-05 3/ 16/20 11 25.7 
NGI-06 3/16/2011 27.2 
NGI-07 3/16/2011 28.4 
NG l-0 1 4/ 13/201 1 9.30 
NG I-03 4/ 13/2011 16.30 
NG I-06 4/ 13/2011 23. 10 
NG l-08 4/13/20 11 23.50 
NG I-01 5/23/201 1 3.7 
NG I-03 5/23/201 1 4.6 
NGl-06 5/23/2011 15.4 
NGI-0 1 6/22/2011 3.8 
NGI-02 6/22/20 11 6.4 
NG I-03 6/22/20 11 16.9 
NG l-04 6/22/20 11 20.6 
NG I-05 6/22/20 11 20.3 
NGl-06 6/22/201 1 24.9 
NGI-07 6/22/201 1 25.3 
NGI-08 (S) 6/22/20 11 24.7 
NGI-08 (B) 6/22/2011 36 
MCHO 
µM-C 
I 08.35 
100.74 
75.4 1 
63.94 
40.22 
33.20 
30. 18 
64.03 
17.62 
23.07 
27.88 
8 1.86 
74.16 
25.29 
65.76 
61. 16 
34.42 
28.40 
36.25 
24.94 
17.88 
17.40 
5.38 
TDCHO 
µM-C 
132.43 
109.86 
80.69 
69.00 
4 1.02 
46.89 
30.57 
76.21 
22.67 
3 1.38 
37.65 
90.57 
84.53 
26.04 
82.69 
7 1.48 
47.89 
33.83 
47.62 
36.56 
35.21 
30.22 
2.56 
PCHO 
µM-C 
24.07 
9.13 
5.28 
5.06 
0.79 
13.69 
0.39 
12.18 
5.05 
8.31 
9.76 
8.71 
10.37 
0.75 
16.93 
10.32 
13.46 
5.43 
11.37 
11.63 
17.33 
12.82 
-2.82 
p-CHO 
µM-C 
18.96 
14.16 
9.54 
10.51 
7.36 
6.83 
6.73 
2 1. 11 
16.1 1 
7.96 
7.83 
25.95 
20.66 
42.29 
19.94 
67. 11 
24.90 
3 1.57 
29.86 
19.31 
8.46 
10.13 
7.4 1 
SPM 
(g/L) 
0.0088 
0.0075 
0.0063 
0.0045 
0.0033 
0.0030 
0.0025 
0.0 11 8 
0.0080 
0.00 15 
0.0038 
0.0 175 
0.0 105 
0.0055 
0.026875 
0.02 
0.0085 
0.0 15 
0.005 
0.004 
0.0025 
0.002833 
0.02475 
81 
DOC 
(ppm) 
5.3 1 
5.18 
3.5 1 
2.80 
2.04 
2.01 
1.80 
5.63 
3.99 
2.73 
2.74 
5.17 
5.04 
3.67 
4.83 
4.96 
4.22 
3.75 
3.79 
2.62 
2.6 1 
2.76 
0.99 
Station # date Salinity 
NGl-0 1 7/20/20 11 7.7 
NGl-02 7/20/20 11 14.6 
NGl-03 7/20/20 11 19.7 
NGl-04 7/20/20 11 20.8 
NGl-05 7/20/20 11 25.8 
NGl-06 7/20/20 11 25.2 
NGl-07 7/20/20 11 27.9 
NGl-08 (S) 7/20/20 11 28.4 
NGl-08 (B) 7/20/20 11 36 
NGl-0 1 8/17/20 11 20 
NGl-02 8/ 17/20 11 21.3 
NGl-03 8/ 17/20 11 26.7 
NGl-04 8/ 17/20 11 28.8 
NGl-05 8/1 7/20 11 28.9 
NGl-06 8/17/20 11 28 
NGl-07 8/1 7/201 1 29.5 
NGl-08 (S) 8/17/2011 31.3 
NGl-08 (B) 8/17/2011 36.4 
MCHO 
µM-C 
67.18 
42.62 
21.56 
21.59 
27.41 
23.85 
18.17 
17.40 
8.43 
53.00 
46.86 
29.87 
24.76 
25.05 
27.50 
24.65 
16.03 
6.20 
TDCHO 
µM-C 
108.79 
69.81 
44.22 
42.50 
59.36 
5 1.43 
34.90 
45.49 
15.59 
84.35 
70.40 
53.55 
43.58 
46.17 
53.75 
50.64 
28.4 1 
6.87 
PCHO 
µM-C 
41.61 
27.19 
22.65 
20.91 
3 1.95 
27.58 
16.72 
28.08 
7.17 
3 1.35 
23.55 
23.67 
18.8 1 
2 1.11 
26.25 
25.99 
12.38 
0.67 
p-CHO 
µM-C 
33.14 
38.66 
35.07 
50.00 
47.82 
12.45 
14.36 
13.21 
5.63 
32.80 
6.58 
3.26 
4.56 
1.87 
3.00 
3.72 
0.55 
I. I 0 
SPM 
(g/L) 
0.0075 
0.0095 
0.0055 
0.005 
0.0025 
0.0005 
0.003 
0.0005 
0.008 
0.009 
0.005 
0.006341 
0.00231 1 
0.00 125 
0.00 1 
0.001 
0.0 19805 
82 
DOC 
(ppm) 
6.25 
5.79 
3.37 
3.33 
2.91 
2.82 
2.38 
2.54 
0.95 
83 
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